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22.1
$\Sigma$ , $\Sigma$ $w=a_{1}a_{2}\cdots a_{n}$ , $\Sigma$
$\Sigma^{*}$ . $.w$ $n$ $|.w|$ . $w$ $i,$ $j(i\leq$
, $w[i]$ $i$ $a_{i}$ , $w[i..j]$ G woIcl) $a_{i}a_{i+1}\cdots$ ( .
$1\leq i\leq n$ , $w[\dot{j}..n]$ $w$ $i$ (sllffix) .
$\mathrm{c}\iota,$ $w$ , $u$ $w$ , , ,,, $\prime ll=$
$w[i..i+|u|-1]$ , $u\text{ }.w$ . , $i$ $?l$ $(()(:\mathrm{t}:\iota l\mathrm{r}1^{\cdot}\mathrm{f}\mathrm{f}\mathrm{l}1\mathrm{c}\mathrm{t}^{1}J)$
.
22
: (two-word association pattern), (proximity pattern) , 2
$\alpha$ , $\beta\in\Sigma^{*}$ $k\geq 0$ $\langle_{\dot{C}\mathrm{Y}}, \mathrm{A}j,.\beta\rangle$ .
.
$\langle$TATA, 30, $\mathrm{A}\mathrm{G}\mathrm{G}\mathrm{A}\mathrm{G}\mathrm{c}\mathrm{T}\rangle$ .
$\langle$knowledge, 50, $\mathrm{d}\mathrm{a}\mathrm{t}\mathrm{a}\mathrm{b}\mathrm{a}\mathrm{S}\mathrm{e}\mathrm{S}\rangle$ .
, $\langle$TATA, 30, $\mathrm{A}\mathrm{G}\mathrm{G}\mathrm{A}\mathrm{G}\mathrm{G}\mathrm{T}\rangle$ , $‘\prime \mathrm{T}\mathrm{A}\mathrm{T}\mathrm{A}$” 30.
“AGGAGGT” . , $P=\langle(\mathrm{y}_{:}\lambda j., /J\rangle$
$S$ , $S$ , $\alpha$ $i$ $\beta$ ./\acute ,
$0\leq i-j\leq k$ . , $P$ , $\alpha$




$\Sigma$ . , $T=\{t_{1}\text{ }. f.2, \cdot\cdot, , t_{\uparrow},\gamma’\}$
$\subseteq\Sigma^{*}$ . (sample) , $T$ $x$ .\acute
( ) 2 $\langle.\prime xi, b\rangle\in T\cross\{(), 1\}$ $S$ ...
$\langle x, b\rangle$ (labeled example) . $\cdot$ $S$ , $S_{+}=$




. , $P$ . $P\in P$ .\acute li $\in$ X .
$P(x)=1$ , $P(x)=0$ .
, [6] .
, (support) (collfidence) . $S$ $P$
, match $(P)= \sum_{\langle x,b\rangle}\in s^{P}(X)$ ,
hit $(P)= \sum_{x\in s_{+^{P}}}(x)$ . , $P$ $s\tau\iota pb^{)}(P)$ , $P$
, conf $(P)$ , $P$ $P$.
supp $(P)=h?,\cdot f,(P)/|S_{+}|$ , conf $(P)=f\iota\dot{7,}r,(P)/7n(x\dagger \text{ }(if1.(P)$
, ,
. , $($optinmm $\mathrm{I})_{\dot{\prime}}\iota \mathrm{f},\mathrm{t}_{\mathrm{t}:\mathrm{I}1},$ ) :
176
:: $S\subseteq\Sigma^{*}\cross\{0,1\}$ $\sigma>0$ .
: $S$ $s\mathrm{t}\iota pP(P)>\sigma$ $P\in P$ , $cor|,f\cdot(P)$
.
24
$A=a_{12-1}a\cdots a_{n}$ $ , $n=|A|$ . , $\not\in \Sigma , $a\in\Sigma$
$a\neq$ . $1\leq p\leq 71$ , $A$ 1)
(suffix) ,
$A_{pp-1}=a\cdots a_{n}$ $
. (suffix tree) , $()(71,)$
$[2, 8]$ . $A$ $.Tr.e.e_{A}\text{ },$ .
$Tree_{A}$ :
(1) , $A$ $\alpha$ . $\alpha$ , $A$
.
(2) $v$ , $7\eta r(\mathrm{Y}))$ , $A$
. , $Tree_{A}$ $77_{l}$ , $A$
. , $\Sigma\cup\{$ \llcorner
.
(3) 2 , .
$T7^{\cdot}ee_{A}$ , $n$ , 2 . , $\tau_{7ee_{A}}$
$2n-1$ . , $\tau_{7(^{\lrcorner}}.t^{J},A$ .
, $T7^{\cdot}ee_{A}$ [2. 8].
25
2 $X\subseteq[1..n]\cross[1..n]$ . (( $1^{\cdot}\mathrm{t}_{-}1_{\mathrm{l}}\mathrm{o}\mathrm{g}^{)}()\mathrm{I}\iota\dot{c}\mathrm{t}11^{\cdot}(^{\backslash }.\mathrm{b})$ioll $(1^{1\mathrm{t}}\mathrm{e}\mathrm{r}\mathrm{y})$
, $[x_{1}..x_{2}]\cross[?J1\cdot.y_{2}]$
. ..
, (range tree) $X\text{ }$ $()(?l,)$
, $O(\log^{2}n)$ $O(n\log n)$ [11]. ,




$O(7\iota)$ , $O(7n1o\mathrm{g}^{2}n)$ $O(mn\log n)$ . , 7”,
.
3
, $O(mn^{2}\log^{2_{7\mathrm{t}}})$ $O(hi7\gamma,7|, 1_{1)}\mathrm{b})7’,)/|^{||^{\mathrm{v}_{!}}}$,
.
$S\subseteq D\cross\{0,1\}$ . , $P,$ $Q\in P$ , $P\equiv,gQ$
$s\tau\iota pp(P)=supp(Q)$ conf $(P)=conf(Q)$ $\equiv_{\mathrm{b}’}$,
, , , $P$ $\equiv s$
177
. , $\equiv s$ ,
. .
Algorithm $\mathrm{F}\mathrm{i}\mathrm{n}\mathrm{d}_{-}\mathrm{O}_{\mathrm{P}\mathrm{s}}\mathrm{t}\mathrm{i}\mathrm{m}\mathrm{i}\mathrm{Z}\mathrm{e}\mathrm{d}_{-}\mathrm{p}_{\mathrm{a}}\mathrm{t}\mathrm{t}\mathrm{e}\mathrm{r}\mathrm{n}$
Input: $S$ , $\sigma\geq 0$ , $k\geq 0$ .
Output: $\equiv s$ .. $P$ :
$-\overline{|}$
- suPP$(P)$ conf $(P)$ .
- suPP$(P)\geq\sigma$ $P$ $Q$ .
$P$ , conf $(P)$ .
$\bullet$ $Q$ $P$ conf $(P)$ .





$S=\{\langle t_{1}, d_{1}\rangle, \ldots, \langle t_{m}, \mathrm{c}f7’ \mathrm{t}\rangle\}\subseteq\Sigma^{*}\cross\{(), 1\}$ $(7\gamma|, \geq 1)$ .
$S$ , $S$ $.\llcorner$ , 1
...
$A=t_{1}$ $ $\cdots t_{m}$
. , $not\in\Sigma$ , $a\in\Sigma$ $neq a$ , $neq$
. $A$ $7l=|A|$ . $A$ $1\leq I$) $\leq 7|_{\text{ }}$ . $\lambda’(l^{\mathit{1}})$ $p$
, , $p$ , $i(1\leq i\leq 7n.)$ .
32
$\alpha$ , OCCA $(\alpha)$ , $A$ $\alpha$ .
, $ $\Sigma$ – , $\alpha$ $1\leq?.-\leq rn$,
, . , $cv$ . $/\cdot i\in\Sigma^{*}$
, $\alpha\equiv_{A}\beta$ iff $O_{C}C(\alpha)=o_{CC}(\beta)$ . ,
: $(\alpha_{1}, k, \beta_{1})\equiv_{A}(\alpha_{2}, k, \beta_{2})$ iff $\alpha_{1}\equiv_{A}\alpha_{2}$ and $\beta_{1}\equiv_{A}$. . , .
2 $P$ $Q$ . , $P\equiv_{A}Q\text{ }.\backslash ’\cdot\prime\prime\cdot I$)$l^{)(\mathrm{r}_{)}}=.\backslash \cdot.ll,l^{)}\ell$) $(Q)$
$conf(P)=conf(Q)$ .
, $A$ $Tree_{A}$ . $A$ $\alpha$ (locus) , $\tau_{7(’\gamma:_{\iota}}..\cdot$ $L_{C)\prime j?\iota}.9(\mathrm{C}\mathrm{t})$
, $W(L_{ocu}S(\alpha))$ $\alpha$ , $\alpha$ $W(Pa7^{\cdot}e7\iota t(L_{\mathit{0}}c8\iota s(\alpha)))$
. $\alpha$ , Rep $(\alpha)=\mathrm{T}\prime \mathrm{f}^{f}(Locus(\alpha))$ . ,
Parent $(v)$ $v$ . , $-$ .
3(Amir et $\mathrm{a}1.[2],$ $\mathrm{M}_{\mathrm{C}}\mathrm{c}_{\mathrm{r}\mathrm{e}}\mathrm{i}\mathrm{g}\mathrm{h}\mathrm{t}[8]$ ) $Tree_{A}$ $u$ . , $W(.n)$
$S$
$p$ , $A_{p}$ $Tr\cdot ee_{A}$, $’/\iota$ j’- .
.
4 $\alpha$ , Rep $(\alpha)\equiv_{A}\alpha$ .
178
: , $\tau_{ree_{A}}$ ( ) (ffie) [2]
, $\alpha$ $u$ , $T7^{\cdot}r-.(:A$ –
. $\alpha$ $v$ , $u$ $v$ , $\mathrm{t}\iota$ ,|)
– . , $u$ 3 . ,
$Occ(W(u))=O_{CC}(W(v))$ . , $\alpha=W(u)$ Rep$(\alpha)=W(?l)$ ,
. $\blacksquare$
, .
5 $\langle\alpha, k, \beta\rangle$ , $(\alpha, k, \beta\rangle\equiv_{A}\langle Re_{I^{\gamma}(},\subset\nu),$ $\#,$ , R. $‘-.\iota$) $(/))\rangle$ .
5 , $Tree_{A}$ $7b,$ $\uparrow$ ) , $\langle$ $W(\prime ll).’ k,$ $W(\mathrm{t}))))$
( ) .
33
, Manber, Baeza-Yates [9] ,
. , $A$ ,
$AAAp_{1}’ p_{2}’\cdots,p_{\mathrm{t}},g$ . $A_{p}$ , $P$ $A$ .
, $p_{1},p_{2},$ $\ldots$ , $p_{n}$ 71, 1 $.\mathrm{r}’.nf\cdot$ : $[1..\gamma_{\grave{b}}]arrow$
[1..n] , , $\mathrm{s}\iota \mathrm{l}\mathrm{f}$ 1 $I$) $\circ.\mathrm{s}$ : $[1..77,]arrow[1..7’.]$ .
, $snf(i)$ $i$ $S$ , $P^{O_{\backslash }\mathrm{b}}(\mathit{1}^{)})$ $A_{\mathit{1}}$, .
, $A$ $\alpha$ , $\alpha$ $A$
, $s\{\iota f$ $I(\alpha)$ .
, . $[1..\prime n,]\cross[1..7|,]$ $k$
$INTER_{k}$ . ,
$INTER_{k}=\{(p, q)|0\leq(q-p)\leq k, \chi(q))=\chi(r])\}$
. , $1\leq\chi(p)\leq 777$, $p$ . , $INTEl\mathfrak{i}.\mathrm{A}$ ,
, $pos$ :
$RANK_{k}=\{(pos(p),pos(q))|(p, q)\in INTER_{k}. \}$ .
, $\langle\alpha, h_{i}, \beta\rangle$ $I(\mathrm{c}\mathrm{t})\cross I(/\mathit{1})$ .
6 $(p. q)\in[1..n]\cross[1..n]$ , 2 :. $\langle\alpha, k, \beta\rangle$ $A$ ($p,$ $\ovalbox{\tt\small REJECT}$ .. $(pos(l^{)}),po6’(q))\in I(\alpha)\cross I(\beta)\cap RANI\zeta_{k}$ .
1 6 , $X$ ,




7 $k\geq 0$ , $0\leq\sigma\leq 1$ , $S$ .
, $Find-Opti_{7}r\iota iZe\prime f_{-},Prl,f\prime t_{\ovalbox{\tt\small REJECT}}\prime^{\supset},r\cdot 7|..\backslash$ , $\mathrm{x}_{i}$
$\sigma$ , $O(7\prime\prime,7|^{2}\text{ }1()_{h}(’ 27l$. $+I\{)$
$O(k_{7}n7\iota\log 7|_{\ovalbox{\tt\small REJECT}})$ . , $rn$ , $71,$ $=.\backslash ’ i,ze,(s),$ $K$
. , $k\leq n$ .
179
Algorithm Find-Optimized-Pat,ternsl
Input: $S$ , $\sigma\geq 0$ , $k\geq()$ .
Output: $\equiv s$ .. $A=t_{1}$ $ $\cdots$ $t,,,$ $Tree_{A}$ $suf$ $\mathrm{p}os$ .. $R=\{\langle\langle poS(P), poS(q)\rangle, \chi(p)\rangle|\langle p, q\rangle\in INTER_{k}\}$ .. $Tree_{A}$ $O(n)$ , :
- , $Tree_{A}$ , $x$ $l,$. $(1\leq x\leq 7l)$ , $B(l_{l}..\cdot)$ $:=$
$\{\langle y, d\rangle|\langle\langle x, y\rangle, d\rangle\in R\}$ , $y$ .
- , $Tree_{A}$ $u$ , $B(\tau\iota)$ .
$u$ , $u_{1},$ $\ldots,$ $u_{h}$ $B(\uparrow\iota\iota),$ $\ldots,$ $B(\uparrow\iota" )$ $\mathrm{x}$ $.r_{\ovalbox{\tt\small REJECT}}$
, $B(u)= \bigcup_{1\leq i\leq h}B(n_{i})$ . ’
- , $u$ , $u$ $B(u)$ , .
$u$ , $Tree_{A}$ $O(7l)$ -F ]$\backslash$
, :: .
$\iota$
$+$ , $Tree_{A}$ , $!\mathrm{K}$ $l_{\uparrow/}$ $(1 \leq.\mathrm{t}\mathrm{K}\leq\uparrow’)$ ,
$C(l_{y}):=\{d|\langle y, d\rangle\in B(u)\}$ , $d$ .
$+$ , $Tree_{A}$ $?$ ) , $c_{i}(())$
. $v$ , $v_{1},$ $\ldots,$ $v_{l}$’ $C(’|)_{\mathrm{l}})\ldots.,$ $c_{\ovalbox{\tt\small REJECT}}(\cdot(’/, )$
$\epsilon l$
, $C.(?))=\cup\iota\leq i\leq’|.C(’)i)$ .
$+$ $v$ , $P=\langle \mathrm{T}^{\mathfrak{l}}l^{r}(’|4), k, \mathfrak{s}\mathfrak{s}/(\cdot l)\mathrm{I}\rangle$
. $C(v)$ , $P$ . ,
$C(v)$ $s\mathrm{t}\iota_{W(P}$ ) conf $(P)$ $O(m)$ . ,s’/lPl)(P) $\geq\sigma$ , $P$
$con_{\text{ }}f(P)$ $Q$ .. $Q$ $P$ , c.onf $(P)$ .
1:
: , $O(7\iota)$ $O(?l,)$ $T\tau\cdot \mathrm{c}’.e_{-}..|$
. , $v$ , $I(\cdot|j)$ $O(7l_{/})$
. 5 , $.Tree_{A}$ $(I^{J}, q)$ , $()(71.)2$
$P=(Wo7^{\cdot}d(?l),$ $k,$ $Wo7^{\cdot}d$0 . , $\mathrm{H}^{\mathrm{B}}1$
6 , $S?\iota_{Pp()}P$ $cor|_{\ovalbox{\tt\small REJECT}}f(P)$ $O(kmn\log n)$ , $()$ $(\gamma\prime l.7|_{\ovalbox{\tt\small REJECT}}2]_{0_{\mathrm{b}}^{\{)}7}-\underline{)}’,)$





. , , $-$
, , $\mathrm{M}\subset \mathrm{L}\subset \mathrm{L}\mathrm{b}^{\mathrm{c}^{\backslash }}’\iota’[4]$ )|1 ,
. 1 , .
$T7^{\cdot}ee_{A}$ $v$ , , $\mathrm{y}$ $\langle’.(\mathrm{K}, \prime l\rangle$






90% 2,701 7,295,401 121
50% 2,754 7,584,516 1,444
30% 2,764 7,639,696 6,241
8 , $O(mn^{2}. )$ $O(\mathrm{I}\mathfrak{U}_{\dot{(}\iota}\mathrm{X}\{hi, 7rl,\}_{7}1)$
.
.
: . , $O(111\mathrm{a}\mathrm{X}\{k, 7r\iota\}7l)$ ,
. 5 , $kn$ $IN\dot{T}ER_{k}$ R. $-$
, $\mathrm{x}$ $\langle p, d\rangle$ , $\mathrm{y}$ $\mathrm{x}$
$\{\langle\langle p, q\rangle, d\rangle|p\leq q\leq x+k\}$ . , $?l(\mathrm{v})$
, , $B(u)(\mathrm{C}(\mathrm{v}))$ .
7 , $\blacksquare$
5
3 , $\dot{\sigma}$ ,
. , .
, , $T_{7}\cdot ee_{4}$. . ,
, , $()(\uparrow t’,7l,.)$






9 $u,$ $v$ , $s\mathrm{o}\iota pP(\langle W(u), k, W(v)\rangle)\leq 1\mathrm{I}\mathrm{l}\mathrm{i}_{11}(.\mathrm{b}’ \mathrm{t}4I)p(’(l,),$ $.\mathrm{q}’(l.l^{)}f)(:l)))$ .
10 $u$ $w$ , SllPl) $\leq s\uparrow\iota_{\mathit{1}^{)}}\mathit{1}’(\prime \mathrm{t}l,)$ .
, $?l$ $s\tau\iota pP(u)\leq\sigma$ , $\tau_{7\mathrm{P}\mathrm{P}}.J4$ $’\iota l_{\mathrm{J}}$
. , $v$ ( ) .
, $u$ $v$ , . $s\mathrm{c}xpp(\langle’ W(u’), k, W(\mathrm{t}))\rangle)\leq\sigma$ , $\prime l$ )
( ) .
1 , . , $\mathrm{G}\mathrm{t}^{\backslash }.\mathrm{I}\downarrow$ ]$3i1.\mathrm{l}\mathrm{l}\mathrm{k}$
. 495 7330 ,
50 , 2. $7\mathrm{K}\mathrm{B}$ . 1 2





$d\geq 0$ , .
11 $k\geq 0$ , $A$ $7l,$ $A$ $T_{7}\cdot;:$(:
$d$ . , $()(f1i(l.\uparrow’,)$ i .
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: $A$ , ( $\alpha,$ $\beta\rangle$ : $\exists_{I^{J}}\in$
$Occ(\alpha),$ $\exists q\in Occ(\beta)[0\leq q-p\leq k]$ . , $Tree_{A}$ $c\nu$ ,
$F= \sum_{\alpha\in}\tau_{r}eeA|O_{CC}(\alpha)|$ . , $Tree_{A}$ $d$
. 3 , $\alpha$ $i$ $L_{oC?l_{\wedge}}.\mathrm{L}9(\alpha)\dot{\text{ } }$ , $OcjC(\alpha)$
$L_{oC}\mathrm{t}\iota s(\alpha)$ . , .
, $\alpha$ , $|O_{CC}(\alpha)|$ $n$ . $T_{7C’(}.$:
$d$ , , $O(\mathrm{c}d7|,)$
. , , $\alpha$
$\beta$ . , ( $\alpha,$ $\beta\rangle$ $O(\mathrm{A}i\gamma l7\},)$ $\blacksquare$
, $O(\log r1,)$
[9]. . ,
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